ABSTRACT
INTRODUCTION
The importance of small-animal positron emission tomography (microPET) has increased during the last decades as a valuable tool for studying animal models of human disease and to contribute in the development of new radiopharmaceuticals or in studies of new applications of traditional radiopharmaceuticals [1] . Because of widespread use and commercial availability of microPET scanners, the National Electrical Manufactures Association (NEMA) published its NU 4/2008 standards [2] , a consistent and standardized methodology for measuring scanner performance parameters for smallanimal PET imaging.
In Brazil, there are few microPET in use and a standardization of quality control protocols is needed to harmonize their use in the research field. Thereby, the purpose of this study is to characterize the image quality performance of the microPET scanner (LabPET 4, GE Healthcare Technologies, Waukesha, WI) using the NEMA NU 4/ 2008 standards and specific phantom.
MATERIALS AND METHODS
All experiments were carried out at CDTN/CNEN in the Molecular Imaging Laboratory (LIM) and with collaboration of the Radiopharmaceutical Research and Production Unit (UPPR), which made the 18F-FDG sources available.
System description
The Triumph TM platform is a preclinical system dedicated for rodents imaging. Axial field-of-view 37 mm
The reconstruction algorithms available in LabPET 4 (CDTN/CNEN) are filtered backprojection (FBP), maximum likelihood expectation maximization (MLEM) and ordered subset expectation maximization (OSEM). The system has also the option of image reconstruction in high resolution mode using 0.25 mm pixel size instead of 0.5 mm used in ordinary mode.
Image Quality Phantom
Section 6 of the NEMA 4 purposes to produce images that simulate those acquired in the whole body study of a small animal. For this purpose, a specially designed NEMA NU 4 -2008 image quality (IQ) phantom made up of polymethylmethacrylate (PMMA) was used. 
Figure 2: Schematic views of NEMA NU 4-2008 IQ phantom. (A) Coronal-Section view and (B) Axial-Section view through rods region.
The IQ phantom consists of 3 distinct segments to analyze different aspects of image quality, discriminated in Table 2 below: The third region (c) of the phantom body is a fillable cylindric chamber with 2 cylindrical compartments (14mm internal length; 8mm inner diameter), one is filled with air and the other with nonradioactive water. These 2 cold compartments are used to determine the spillover ratio (SOR) in air and water, defined as the activity concentration in each cold compartment relative to the mean activity concentration in the hot background [2] .
Both RC and SOR regions are theorically limited between 1 and 0, being that 0 < RC ≤ 1 and 0 ≤ SOR < 1 [6] .
Acquisition Procedures
The whole IQ phantom, except cold chambers, was filled with 3. The treatment and analysis of the images were performed, as recommended in the NEMA NU 4-2008, using molecular imaging softwares AMIDE and PMOD.
RESULTS AND DISCUSSION
Results for uniformity, values of recovery coefficients and spillover ratio are presented below.
Uniformity
Figure 3 presents typical images of uniformity region and respective line profiles.
Figure 3: Transverse plane image of the uniform region (upper) and line profile across the uniform region of the IQ phantom (bottom). (A) AMIDE software; (B) PMOD software with a 3D graph.
The mean, maximum and minimum activity concentration results and percentage standard deviation (%SD) obtained are presented in Table 3 for all evaluated reconstruction methods. Percentage standard deviations for all cases are also presented in Figure 4 . Ratib [7] for LabPET 8TM. Table 4 . The RCs of the rods for all reconstruction methods in both softwares are shown in Figure 6 . In the above results, it can be noticed that the RC values for the five different diameters ranged from 0.12 to 0.87 and are close to each other in both iterative reconstruction methods (MLEM and OSEM) adopted and software used. The RCs using FBP method ranged from 0.17 to 0.87 in both software used.
Recovery Coefficient
The standard deviation increases as the rod diameter decreases in all cases studied. These values are similar to those reported earlier for the LabPET TM scanner [7] . Figure 7 presents a typical image of the 2 non-radioactive compartments region. The SOR's and respective % SD in the water and air compartments are reported in Table 5 . The SOR´s of the water and air compartments are shown in Figure 8 . The accuracy of scatter corrections is given as the spillover ratio in cold areas. Values of this work are comparable those from Zaidi and Ratib work [7] .
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CONCLUSION
The results obtained in this work using IQ phantom defined by NEMA NU 4/2008 reveals that the system LabPET 4 of LIM/CDTN/CNEN produces images with performance according to the literature. The present study is an initial step to verify the NEMA NU 4/2008 for further
